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Pierre Badel, Vincent Godard, Jean-Baptiste Leblond
First of all we wish to thoroughly thank I. Carol, E. Rizzi and K. Willam for their interest in our work and their detailed
comments.
We also wish to emphasize that we greatly appreciate and respect their works on the modelling of the mechanical behav-
iour of concrete, especially that (Carol et al., 2001) containing a very detailed analysis of the so-called ‘‘Willam test”.
Detailed answers to their speciﬁc comments follow.
*Comment 1. We do agree on the point that our reference to some private conversation one of us (P.B.) had with I. Carol in
Grenoble in 1999 was vague and inaccurate. Clearly, we should rather have made reference to the works (Carol et al.,
2001a,b).
The explanation of the lack of references and comparisons with other works on the simulation of Willam’s test in Section
3.8 of our paper is that the results of this Section were intended as a mere illustration of the qualitative soundness of the
predictions of our model, but no more. Detailed comparison with other works would have made sense only if we had claimed
that our model gave better results. But we precisely did not claim that; our point of view was explained at several places in
our paper, notably in the following passage (pp. 5856–5857): Prior to explaining the determination of these parameters, it must
be emphasized that their modest number precludes accurate reproduction of all aspects of the complex mechanical behavior of con-
crete. The model proposed cannot, and is not intended to, compete in this respect with such sophisticated models as Bazant and Prat
(1988a)s ‘‘microplane” model or Grassl and Jirasek (2006)’s model, which contain 15–20 adjustable parameters allowing to cover
most of these aspects. Again, our aim is not to propose a fully comprehensive model but one simple enough, in spite of the consid-
eration of a tensorial damage variable, to be usable in an industrial context.
* Comment 2. We again agree on the point that we did not pay much attention to the thermodynamic forces. Thermody-
namic forces are part of the mathematical formalism of generalized standard materials, but we did not try to ascribe them a
strong physical meaning. This would have been hopeless since in our model, they may even become inﬁnite when damage
reaches unity in some direction, see the discussion in p. 5854.
We did establish the convexity of the elastic domain in the space of thermodynamic forces rigorously, although brieﬂy. As
mentioned in p. 5853, the convexity of the damage function is a consequence of a theorem of Ball, and the convexity of the
elastic domain follows from there. Ball’s theorem was already invoked in p. 5852 to justify the convexity of the free energy
with respect to the strain and damage variables, taken separately.
* Comment 3. We agree on the point that in some models total damage may be reached only asymptotically, and that no
artiﬁcial limitation of damage is then necessary. We could not adopt such an approach because in our speciﬁc industrial
example, it was essential to allow the damage to become complete, and the stresses nil, at some ﬁnite strain. We then found
no better way to limit damage than to artiﬁcially modify the expression of the free energy through some indicator functions.
That this modiﬁcation was artiﬁcial was clearly acknowledged in the following passage (p. 5853), which also explained why
it was nevertheless introduced: It must be frankly acknowledged that the modiﬁcation of Eq. (3) into (5), with the possibility of an
inﬁnite free energy it implies, is purely formal. It is important from the mathematical point of view, however, to show that the re-
spect of the upper bound on the damage variables does not destroy the convexity of the free energy nor the nice ensuing mathe-
matical properties.
* Comments 4 and 5. Section 3.8 of our paper does contain a mild criticism of the model of Carol et al. (2001a,b). This crit-
icism is relevant in general, but not to the speciﬁc model in question. Indeed what we said was that if some eigenvalue value
of the damage tensor, say D1, reaches unity at time t0 but the corresponding eigenvector e1(t) continues to move, then dam-
age in the direction e1(t0), that is the quantity e1(t0)D(t)e1(t0), may re-decrease again for t > t0, even if D1 remains unity. This0020-7683/$ - see front matter  2008 Elsevier Ltd. All rights reserved.
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4604 P. Badel et al. / International Journal of Solids and Structures 45 (2008) 4603–4604is generally true if no special care is taken to avoid this phenomenon. However, in the model of Carol et al. (2001a,b), it can-
not occur for two reasons: (i) total damage is reached only asymptotically, so that the issue simply cannot arise; (ii) special
care is taken anyway in order to prevent damage from decreasing in any direction.
We apologize for this unjustiﬁed criticism of Carol et al.’s model, and refer the reader to these authors’ papers (Carol et al.,
2001a,b) for a presentation of their model and a detailed discussion of the simulation of Willam’s test.
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